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1. Introduction 

 
The necessity of new applications in industrial ag-

riculture has become crucial as the technology develop in 

the last years. The prolificacy in some industrial agriculture 

applications can be increased by using image processing 

techniques. Many devices based on modern technology 

were designed in industrial agriculture that is more effective 

than labor force. Automation systems have many ad-

vantages such as high precision, high process capability, 

non-contact detection etc. Therefore, image processing 

based systems have become popular in industrial agriculture 

in recent years [1-3]. 

In the literature, various agriculture systems based 

on image processing techniques have been developed. Some 

researchers developed a watermelon ripeness detection sys-

tem based on image processing and Artificial Neural Net-

works (ANN). They used YCbCr Color space instead of 

Red, Green, and Blue (RGB) color space. After the pre-pro-

cessing of the images, they determined the sum of each color 

chrominance (Cb and Cr) as a feature. They detected ripe-

ness of watermelon with % 86 accuracy [4]. In another re-

search, image processing based pear external quality system 

was developed for detecting shape, color and surface defect. 

They used Hue, Saturation, Intensity (HIS) color space in-

stead of RGB color space for detecting color. They used his-

togram of Hue value of each images for detecting the color 

[5]. Xu Yuanfang and his team developed an image pro-

cessing based system which monitors maize leaf nutrition. 

As a pre-processing operation they used a median filter 

(3 × 3 templates) for smoothing the images. After median 

filtering, they used white balance algorithm for restoring im-

age’s white background into pure white. For color detection, 

they used the mean and standard deviation of each color 

channel (R, G, B) for a feature set. After the feature extrac-

tion, they used regression analysis for detection of maize 

leaf nutrition [6]. 

Olive production is farmed mostly in Aegean re-

gion of Turkey due to its geological position. After the har-

vest, olives are separated by labors according to their color 

as shown in Fig. 1. Nearly one ton of olives could be sepa-

rated by five labors in a day. The system developed in this 

work can separate about 30 tons of olives in a day. On the 

other hand, hygiene of human health is very important in 

food sector. The developed system offers a more hygienic 

and fast solution for olive separation process than un-relia-

ble manual separation of olives. Developed system gets 

more accurate results than a human based system. 

In this study, a process for olive separation based 

on the color was examined. A set-up was designed for that 

purpose and the developed image processing algorithm was 

tested with the set-up in real time. The objective of this re-

search is to apply different image processing techniques to 

separate the olives according to their colors. The study 

tested for three different methods in image processing part 

and the success of these methods were compared in the re-

sults section. It was observed that the algorithm performed 

successfully and detected the olives. The paper first dis-

cusses the automation system in agriculture. The second 

section deals with image processing algorithm. The me-

chanical and electronic designs were explained in the third 

section. Then, experimental results are presented in Sec-

tion 4. 

 

Fig. 1 Different olives according to harvest 

2. Image processing algorithm 

 

In this study, an image processing-based system 

for olive separation has been developed. For carrying out 

image processing, a Ueye-KP20B type camera has been in-

tegrated into the system. The camera images were processed 

by the image processing algorithm that determines the color 

of olives. After image processing, output data is obtained. 

The output data from the system is transferred to valve con-

trol card in real time via a computer serial port. The proper-

ties of the camera used in olive separation process are given 

in Table 1. 

 

Table 1 

The Properties of Camera 

Optical class 1 

Interface USB 3.0 

Sensor Type CMOS 

Frame Rate 60 fps 

Resolution 1280 × 1024 

 

2.1. The image processing algorithms 

 

The image processing algorithms developed in this 

section are explained. For image processing applications, 

HSV (Hue, Saturation, Value) for distinguishing colored ob-

jects by using color model method and RGB (Red, Green, 
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Blue) color model to distinguish colored objects were per-

formed based on Euclidean and Mahalanobis distance 

method. In part of RGB color model, the results obtained 

from background and feature extraction methods were also 

compared for this application. 

 

2.1.1. HSV and RGB color spaces 

 

HSV color space defines colors as hue, saturation 

and brightness, respectively.  This method is preferable be-

cause HSV color space has a structure that is closer to the 

human visual mechanism as compared to the RGB space. 

Generally, HSV color space model has been used for distin-

guishing colored objects. Although all components affect 

brightness in RGB space, only V component value affects 

brightness in HSV space [7]. 

A median filter was applied to the images as a pre-

processing operation for smoothing the image and removing 

the noise on image. After the filtering operation, the format 

of the image was changed from RGB to HSV. HSV color 

space is used frequently in color detection algorithm be-

cause of its cylindrical form. RGB and HSV color spaces 

were given in Fig. 2. 

  

Fig. 2 RGB and HSV color spaces 

After this color space conversion, a pre-determined 

threshold was applied to the image. Before sample image 

and after Saturation process image was shown in Fig. 3. 

 

Fig. 3 Frames before and after Saturation process 

After the Saturation process operation, a threshold 

value was applied to the image. This threshold was deter-

mined by using Saturation histogram of the image. A sample 

image and its Saturation histogram were shown in Fig. 4. 

A threshold determined by trial and error was ap-

plied to images transformed from RGB to HSV space. Ol-

ives whose Hue and Saturation values above the determined 

threshold were accepted as green olives. 

A labeling algorithm was applied to the image and 

each green olive was detected in a tumbler. Then mean value 

of Saturation channel at detected olive was selected as a fea-

ture. The Euclidean distance between detected olive image 

and sample olive image was calculated. If Euclidean dis-

tance of detected olive is greater than a pre-determined 

threshold, the olive can be assumed as green. 

The olives were placed equally spaced on each 

tumbler. Olive position which has minimum row index in 

the tumbler was assumed as starting position. Other olives 

positions were detected depending on the row index. Valves 

mounted on mechanical system at related position were 

opened by electronic card according to received data. Sam-

ple image and detected olive positions were shown in Fig. 5. 

 

Fig. 4 A sample image and its Saturation histogram 

2.1.2. A classification method based on Euclidean distance 

in the RGB color space 

 

Classification is a decision-making process that is 

used in many disciplines. The classification process is based 

on similarity of object in a particular class and it can be de-

fined as grouping according their properties in a data set. On 

the other hand, images features should be extracted to per-

form a good classification using image processing tech-

niques. In this study, the averages of the images in RGB 

space at each R, G, B channels were calculated and consid-

ered as features. Therefore, a three-dimensional feature 

space was obtained. On the other hand, various difference 

measurement techniques for classification process are em-

ployed in this study. Among them, Euclidean distance was 

chosen that is the most commonly preferred method due to 

its easy application.  

The classification process was performed accord-

ing to olive color. These classification colors are light green, 

green, dark green and black. The classes were created by 

obtaining 40 different samples from each class. The average 

of each channel in RGB image space was selected as a fea-

ture. Therefore, three-dimensional space consisting of 40 el-

ements was obtained. 

Euclidean distance was calculated according to the 

Eq. 1. Olives in received image are included to closest olive 

cluster according to obtained values using the following 

formula [8]: 

     
2 22

1 1
1

n

n n i i
i

p q ... p q p q


      , (1) 

where pi and qi are pixel points, respectively. This distance 

method does not take into account information except the 
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two points. Euclidean distance formula given in Eq. 1 is 

used for this classification method to detect closest distance 

in two points. Euclidean distance calculates linear distance 

of one point to the other point by obtaining values with Py-

thagorean Theorem. Algorithm compares new data by scan-

ning the entire data set and olive was assigned to the closest 

cluster. The sample image for Euclidian distance method in 

RGB color space is shown in Fig. 5.  

 

Fig. 5 Sample image in RGB color space for Euclidean 

method 

2.1.3. Mahalanobis distance method in the RGB color space 

with classification 

 

Euclidean distance is the most basic method to 

measure the distance between two points in space. Euclid-

ean distance take into account information only distance be-

tween two points. However, the distance to the center may 

not be adequate in some cases. Mahalanobis distance 

method considers the distance to the center with standard 

deviation values. Thus, the classification process is per-

formed with a higher accuracy.  

In order to perform Mahalanobis method in image 

processing applications, specific clusters are required to de-

termine as done in the Euclidean distance method. For each 

cluster which is light green, green, dark green and black ol-

ives, 40 different samples are used for determining the clus-

ter. For a sample olive clusters, the average of the RGB 

value is used. Standard deviations are calculated in the same 

way as examples algorithm. The first step in this method is 

to obtain the sample sets for comparison. This step can be 

called as the stage of the learning of the object. Firstly, clus-

ters to be sampled are determined. The pixel mean and 

standard deviation values in RGB space is used in Ma-

halanobis distance formula. Olive clusters can be deter-

mined with this formula. When the Mahalanobis distance 

formula applied for comparing olive clusters, a Mahalanobis 

distance for each sample cluster is obtained. As a result of 

this process, olives are assigned to clusters according to the 

lowest Mahalanobis distance. The sample image for Ma-

halanobis distance method in RGB color space is shown in 

Fig. 6. 

The general Mahalanobis formula is shown in 

Eq. 2 where xi is average R, G and B value of the processed 

image and mi is average R, G and B value of sample olive 

image used in classification. Eq. 3 shows abbreviated state 

of the previous equation. The Eq. 4 shows open state form 

of Eq. 3 [9]. 

 

 

Fig. 6 Sample image in RGB color space for the  

Mahalanobis method 
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Eq. 4 is the first component of the Mahalanobis 

formula. The covariance matrix of Mahalanobis formula re-

quires to be transformed according to olive separation algo-

rithm. The covariance matrix is given in Eq. 5. 
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As in the custom Mahalanobis formula, inverse of 

the S-covariance matrix is calculated as given in Eq. 6. 
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The last argument of the Mahalanobis distance 

method is calculated as shown in Eq. 7. 
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The parameters found are used in Eq. 8: 
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After implementing the necessary operations in the 

Eq. 8, Mahalanobis formula used in this study is finally 

transformed into the following Eq. (9). 
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3. Mechanical and electronical design 

 

In this study, a platform for an olive separation sys-

tem was designed and realized.  Mechanical design of the 

platform was implemented at SolidWorks environment with 

considering the system constraints. The mechanical part 

consists of motors, valves, and five independent tumblers. 

15 olives were placed at each tumbler. 75 olives could be 

placed in the system at same time. The technical drawing of 

the mechanical system is illustrated in Fig. 7 and the picture 

of the tumblers of the mechanical part of the system was 

given in Fig. 8. 

 

a 

 

b 

Fig. 7 Technical drawing of the system: a-front view; b- iso-

metric view 

An electronic controller card of the system was de-

signed at Altium environment. The electronic part consists 

of a microcontroller and Darlington transistors. All supply 

pins of each valve connected to the same line and ground 

pin of each valve connected to transistor outputs. When data 

arrived to controller via serial port, controller opens or 

closes related valve according to the command. Schematic 

design and its printed form of designed circuit were given in 

Fig. 9. 

The color of the olives is determined based on the 

image processing algorithm developed in this study. The air 

valves are used to throw olives according to their colors. 

These valves are mounted to the mechanical blower for 

providing air flow. These valves transfer olives to the de-

sired appropriate area. The valve control card was designed 

for communicating with image proccesing algorithm. This 

valve control card is supported by RS-232 communication. 

The data is transmitted to the valves in the speci-

fied location by the serial port and related valve is activated. 

Thus, olive separation process is carried out with air. 3/2 so-

lenoid valves are used in the system. The valves used in the 

separation system are closed normally. They are opened by 

triggering with 0.5 bar pressure and keep working up to 10 

bar pressure. In the experiments of the system, ideal pres-

sure 2.2 bar was determined by trial and error.  

 

a 

 

b 

 

c 

Fig. 8 The tumblers of the mechanical part of the system: 

a - tumbler; b - selenoid valves; c - the system  

assembly 

 

Fig. 9 Electronic design of system and it’s printed form 
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4. Experimental results 

 

In this study, an image processing based olive color 

separation machine was developed. Green olives were sep-

arated from other colored olives that are not green. Different 

image processing methods were used to separate the olives 

and their advantages and/or disadvantages are discussed. 

Three different methods are used in the classification pro-

cess according to the color of the object in the software part. 

These methods are HSV color space, Euclidian distance 

with RGB color space and Mahalonobis distance with RGB 

color space. Background subtraction and feature extraction 

methods are used in the Euclidian distance and Mahalonobis 

distance. Classification was applied based on feature values. 

Four different classes are defined according to the color of 

olives. These classes are light green, green, dark green and 

black. Many different samples were used for each class. The 

success rate for different classes is shown in Fig. 10. 

A success rate with 90% was achieved for HSV 

space method, while 80% success rate for Euclidean dis-

tance method and 97% success rate for Mahalanobis dis-

tance method were obtained. Each method is realized for 

four color clasess method. The percentages of olive color 

class success chart for each method are shown in Fig. 11.  

 

Fig. 10 The developed image processing methods for the 

classification process the success rates 

 

Fig. 11 The success rate of three methods 

Run-time is also very important especially for the 

real time industrial applications. Therefore, run-time of 

three methods was compared in Table 2. 

Mahalanobis distance is observed as the most suc-

cessful method out of three different image processing 

methods. The method based on Mahalanobis distance has 

more accuracy because of using standard deviation parame-

ter. On the other hand, HSV space seems to be successful 

more than Euclidean distance method. Although the low 

success rate of Euclidean distance, it can be used in the clas-

sification process in practice because of its short run-time. 

 

Table 2 

Comparison of three different methods run-time 

 HSV  Euclidean Mahalanobis 

Time, sec 0,7986 1,0406 0,9234 

 

5. Conclusions 

 

Many different type of automation systems were 

developed in industrial agriculture based on image pro-

cessing techniques. On the other hand, it is very important 

to realize agricultural industrial system in real time. An ol-

ive separation machine was designed and developed in this 

study that can be potentially used as an industrial product. 

Firstly, mechanical plots of a prototype are designed at com-

puter environment and a setup was manufactured for this re-

search. Different real color olive images were collected by 

camera. Image processing methods are developed to classify 

olives. In order to increase success rate of image processing 

algorithm, HSV, Euclidian and Mahalanobis distance meth-

ods were used. Among them, Mahalanobis distance method 

outperformed the others with 97% success rate.    

In this study, image processing algorithms were 

applied to perform olive classification based on their colors. 

Therefore, a separation machine has been designed and 

manufactured. The studies and developed models can be 

adapted to other agricultural industrial applications. 
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M. Kuncan, H.M. Ertunç 

OLIVE SEPARATION MACHINE BASED ON IMAGE 

PROCESSING 

S u m m a r y 

An olive seperation machine based on image pro-

cessing has been developed in this study. For this purpose, 

mechanical and electronical design of the machine was per-

formed. In the part of mechanical design, the air valves were 

used for separation of olives. The air valves were controlled 

with an electronic card according to output of the image pro-

cessing algorithm. The position of the olives that were de-

tected as black was switched and then the olives are thrown 

to a storage case. AN industrial digital camera was used for 

image processing, and an image processing algorithm is de-

veloped in Visual Basic 6.0 environment.  The outputs of 

image processing algorithm were sent to electronic card by 

serial port. The image processing algorithm developed 

could process 30 frames per second. The image processing 

algorithm the system could separate 30 olives per second 

which is optimal and feasible for real time operation. 

 

Keywords: real time process, olive separation machine, in-

dustrial agriculture, HSV and RGB color space, Mahalano-

bis and Euclidean distance, image processing algorithm. 
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